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Autoreactive kidney-inifitrating T-cell clones in murine lupus nephritis.
T-cells have been implicated in autoimmune renal injury. To examine
the role of T-cells in lupus nephritis we propagated T-cell clones from
the cortical interstitium of MRL/lpr mice. All isolated kidney-infiltrating
(KI) T-cell clones [6] express surface markers identical to the T-cells
regulated by the lpr gene (Thy 1.2+, TCR a//3+, Lyt-2—, L3T4—,
B220+). Although K! T-cell clones have the same surface markers as
lymph node-infiltrating (LNI) T-cells, they differ functionally. KI
T-cells, but not LNI T-cells, are autoreactive and kidney-specific,
exclusively proliferating to renal tubular epithelial (TEC) and mesangial
cells. In addition, unlike LNI T-cell supernatants (SN), K! T-cell clones
SN induce class II and ICAM-l on cultured TEC. When KI T-cell
clones are injected under the renal capsule, class II is increased on
TEC. All clones transcribe mRNA for cytokines capable of inducing
class II and ICAM-l (IL-4, TNF-a, IFN-y). Anti-IFN-y mAb prevents
the induction of class II and ICAM-1 on cultured TEC. Since class II
and ICAM-l expression on TEC precedes renal injury, the ability to
propagate autoreactive, kidney-specific T-cell clones that induce these
molecules provides evidence for their role in initiating renal injury in
MRL/lpr mice.
T-cells may initiate renal injury. An increase in lymphocyte
reactivity against selected antigens in the kidney and the
detection of a mononuclear cell influx provides indirect evi-
dence for the involvement of lymphoid cells in renal disease [1,
2]. Direct evidence that T-cells induce renal damage includes
the ability of sensitized lymphoid cells to cause tubulointersti-
tial nephritis in both rats and chickens, and the capacity of
T-cells to transfer murine tubulointerstitial disease after func-
tional inactivation of the recipient suppressor cells [3—7]. How-
ever, evidence that T-cells cause autoimmune lupus nephritis
has not been reported.
T-cells regulated by the lpr gene may be the cause of
autoimmune renal injury in MRL//pr mice. Although CD4+
T-cells, CD8+ T-cells, B cells and macrophages are abnormal
in these mice, one of the most striking features of the autoim-
mune disease in MRL/lpr mice is a massive lymphoproliferation
of T-cells regulated by the lpr gene [8—131. An accumulation of
proliferating 1-cells which lack CD4 and CD8 (Thy 1.2+, 1CR
a/l3+, Lyt-2—, L3T4—) but express pre-B and B-cell determi-
nants (B220+) is especially prominent in the greatly enlarged
lymph nodes and spleen by 2.5 months of age [14]. Perivascular
infiltrate detectable by eight weeks of age precedes tubuloin-
terstitial nephritis and a proliferative glomerulonephntis which
are ultimately fatal (5 to 6 months of age). Several observations
suggest that these T-cells regulated by the lpr gene may cause
renal disease in MRL//pr mice: (1) these 1-cells are detected in
the kidney, (2) they accumulate in lymph nodes and spleen prior
to renal injury, (3) strategies preventing renal damage also
reduce the proliferation of these cells [15—19], and (4) these
T-cells express transcripts of cytokines associated with inflam-
matory responses (that is, IFN-y, TNF-a, TNF-13) [20, 211.
Nonetheless, these 1-cells have not been reported to cause
renal injury in MRL/lpr mice.
To understand the interaction of T-cells with kidney specific
targets direct co-analysis of kidney-infiltrating (KI) T-cell
clones and renal parenchymal cells is required. We have
previously established renal tubular epithelial and mesangial
cell lines from MRL/lpr mice [22, 23]. We now report that we
have captured 1-cells from the renal cortical interstitium of
MRL//pr mice with lupus nephritis and have established six
T-cell clones. All isolated 1-cell clones have cell surface
markers characteristic of the 1-cells regulated by the lpr gene.
These K! T-cell clones are autoreactive and exclusively prolif-
erate to renal parenchymal cells. Furthermore, these 1-cell
clones induce class II and intercellular adhesion molecule-l
(ICAM-l) molecules on renal tubular epithelial cells (TEC).
Since class II and ICAM-l expression on renal TEC precedes
renal injury and is required for antigen presentation, the ability
to propagate autoreactive, kidney-specific T-cell clones that
induce surface expression of these molecules provides evidence
for their role in initiating renal injury in MRL/lpr mice.
Methods
Animals
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Normal female C3H/FeJ (C3H) (H-2k) and autoimmune
MRL/MpJ-lpr/lpr (MRL/lpr) (H-2k) mice were obtained from
The Jackson Laboratory (Bar Harbor, Maine, USA) and main-
tained in our animal facility. Autoimmune NZB x NZW F1
female hybrid mice (NZB/W) (H-2d) were bred and maintained
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in our animal facility. The original parental strains were ob-
tained from the National Institute of Health. The animal facil-
ity, which is routinely monitored, is pathogen free.
Reagents and monoclonal antibodies (inAbs)
The following reagents were purchased from manufacturers:
purified anti-Thy 1.2 (30H12), anti-L3T4 (GK 1.5), anti-Lyt-2
(53-6.7), anti-Ia' (11-5.2) (Becton and Dickinson, LaJolla, Cal-
ifornia, USA); anti-B220 (RA3-6B2) (Pharmingen, San Diego,
California, USA); anti-murine IFN-y (Lee Biomolecular Re-
search Inc., San Diego, California, USA); RPMI-1640, Hanks
Balanced Salt Solution (HBSS), HEPES buffer, sodium pyru-
vate, non-essential amino acids, penicillin-streptomycin
(Gibco, Grand Island, New York, USA); Fetal bovine serum
(Hyclone, Logan, Utah, USA); Concanavalin A (Con A),
2-mercaptoethanol, phosphate buffered saline (PBS), fluores-
cein isothiocyanate (FITC) and Ficoll-Hypaque-1087 (Sigma
Chemical Co., St. Louis, Missouri, USA); 3H-thymidine (New
England Nuclear, Boston, Massachusetts, USA); hybridoma
M17/4.2 producing a mAb against LFA- 1 a was obtained from
American Type Culture Collection (Rockville, Maryland,
USA); murine recombinant IFN-y (Genetech, South San Fran-
cisco, California, USA). The following reagents were provided
as gifts: hybridoma RA3-6B2 producing a monoclonal antibody
(mAb) against surface antigen CD45R/B220 (Dr. A. Marshak-
Rothstein, University Hospital, Boston, Massachusetts, USA);
hybridoma H597 producing a mAb specific for the 13 chain of the
murine TcR (Dr. R. Kubo, National Jewish Hospital, Denver,
Colorado, USA); hybridoma 145-2C1 1 producing a mAb spe-
cific for the epsilon subunit of the murine CD3 complex (Dr. J.
Bluestone, University of Chicago, Chicago, Illinois, USA);
hybridoma YN1/1.7.4 producing a mAb against murine ICAM-l
(F. Takei, British Columbia Cancer Research Center, Vancou-
ver, BC, Canada); recombinant human IL-2 (Dr. J. Murphy,
University Hospital, Boston, Massachusetts, USA).
Generation of kidney-infiltrating (KI) T-ce!l clones
Kidneys from three MRL/lpr mice four months of age were
decapsulated and the cortex minced into small pieces, washed
extensively with HBSS and pressed through steel meshes (250,
150, 75 and 38 tm). The resulting suspension was washed with
HBSS, layered over a Ficoil-Hypaque gradient (1.087) and
centrifuged for 15 minutes at 2000 rpm. The cells recovered
from the interface were washed twice and placed in culture in
RPMI-1640 with 10% fetal calf serum, 100 gJml streptomycin,
100 U/mi penicillin, 10 mrs HEPES, 1 m sodium pyruvate,
lO- M 2-mercaptoethanol, and 1% minimal essential amino
acids (complete RPM!) with addition of 50 pJml of r!L-2. After
15 days in culture, the T-celi line was cloned by limiting dilution
in a 96 U-bottom well plate using as a feeder layer irradiated
(3000 rads) syngeneic spleen (106/ml) and tubular epithelial (5 x
105/ml) cells. Six different clones were propagated (cloning
efficiency: 6.25%) and maintained in culture in complete RPM!
with syngeneic irradiated tubular epithelial and spleen cells,
without IL-2. Mycoplasma screening was periodically per-
formed in all cultures using "Gen-Probe Mycoplasma Rapid
Detection System" (Gen-Probe Incorporated, San Diego, Cal-
ifornia, USA). All cultures were negative for mycoplasma
contamination.
Generation of lymph node infiltrating (LNI) T-cell lines
Single-cell suspensions were prepared from lymph nodes
from two four month-old MRL/lpr mice. Cells were placed in
culture in complete RPM! with addition of irradiated (3000 rads)
syngeneic spleen (106/ml) and tubular epithelial (5 x 105/ml)
cells. After 15 days in culture, one T-ceil line was cloned by
limiting dilution in a 96 U-bottom well plate using as a feeder
layer irradiated (3000 rads) syngeneic spleen (106/ml) and tubu-
lar epithelial (5 x 105/ml) cells. After 40 days in culture, no
clones were detected. The LNI T-cell lines were maintained in
culture for a maximum of 30 days.
Generation of tubular epithelial cell clones
Single tubular epithelial cell suspensions of kidney cortex
from three month-old MRL/lpr and C3H mice were prepared
and cultured as previously described [22]. Cells were passaged
by trypsinization (trypsin 0.5 g/ml and EDTA 0.53 mM) and
subcloned in 96-well plates by limiting dilution. These cells
were characterized as previously described [22] and displayed
alkaline phosphatase reactivity and expression of class I! and
ICAM-1 when in culture for three days with IFN-y, 250 U/mI.
Generation of kidney mesangial cell lines
Kidney glomeruli from C3H, NZB/W and MRLI1pr mice were
collected from the 75 im sieve using the same procedure as
above. Mesangial cells were obtained using collagenase disper-
sion as previously described [21]. Cells were maintained in
culture with DMEM with 20% fetal calf serum, 100 g/ml
streptomycin and 100 U/mi penicillin and passaged as needed.
Mesangial cell purity was determined as previously reported
[23].
Proliferation assays
T-cell clones and lines (1 X l0) were cultured in complete
RPMI medium alone, with irradiated (3000 rads) syngeneic cells
or with mitogens in 96-well tissue culture wells in a final volume
of 200 p1. All assays were performed in triplicate. Cells were
cultured for three days, pulsed with 1 Ci [3H] thymidine during
the last six hours of culture, harvested with a semiautomated
cell harvester (PHD, Cambridge, Massachusetts, USA) and
[3Hj thymidine incorporation was measured by liquid scintilla-
tion counting, Stimulation index (SI) was calculated according
to the following formula: SI: [mean responder and stimulator
cells — mean stimulator cells]/mean responder cells alone.
Cytotoxicity assays
Target cells were preincubated with Na251CrO4 (New En-
gland Nuclear, Boston, Massachusetts, USA) for one hour at
37°C, washed twice in complete RPM! and placed in V-bottom
96-well plates (5 X i0 cells/well). Different responder: target
ratios were used and the assays were performed in triplicate in
a final volume of 200 ILl. Results are expressed by the following
formula: Specific lysis (SL) = (Experimental release — Spon-
taneous release)/(Maximal release — Spontaneous release).
Flow cytometric analysis
Cultured cells (2.5 X l0) were suspended in 50 p1 HBSS
containing 0.1% sodium azide and 3% horse serum and incu-
bated for 30 minutes at 4°C with 5 j.tg of purified mAb or 50 pi
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cell culture supernatant. Cells were washed and incubated with
the appropriate fluorescein (FITC) or phycoerythrin-streptavi-
din (PE-SA) conjugated second antibody for 30 minutes at 4°C.
The cells were washed, resuspended in 2% paraformaldehyde
and analyzed on a Epics flow cytometer (Coulter Electronics,
Hialeah, Florida, USA).
Adoptive transfer of KI T-cell clones
K! T-cell clones (10—15 x 106 cells) were diluted in 20 ,d of
complete RPM! and then were placed under the left renal
capsule in MRL/lpr mice six weeks of age. Each K! T-cell clone
was transferred into one to three mice. After 12 to 15 days, the
mice were sacrificed and the kidneys were snap-frozen.
Immunofluorescence staining
Kidney tissue sections were washed in PBS and incubated for
60 minutes with appropriate dilutions of fluorescent (FITC)-
labeled purified antiIAk and ICAM- 1. Sections were washed in
PBS and examined by immunofluorescence microscopy. Fluo-
rescence intensity was scored on a scale graded from 0 to 4.
Immunoperoxidase staining
Kidney tissue sections were first incubated for 15 minutes
with PBS buffer containing 4% horse serum to block nonspecific
binding and then washed in PBS and incubated for 60 minutes
with appropriate dilutions of purified biotinylated antibody.
After washing the sections with PBS the tissues were incubated
for one hour with the avidin-biotin-peroxidase complex
(Vectastain ABC reagent, Vector Laboratories, Burlingame,
California, USA). Peroxidase reactivity was detected by a three
to five minute incubation with 3,3'diaminobenzidine (0.5 mglml)
containing 0.015% H202. Finally, tissues were washed and
counterstained with methyl green-alcian blue.
RNA extraction and polymerase-chain reaction procedure
Cytoplasmic RNA from T-cell clones was extracted using the
NP-40 lysis method [241. Two g of RNA were reverse tran-
scribed using random hexamer oligo(dN)6 as primer (BRL) and
AMV reverse transcriptase (Promega, Madison, Wisconsin) in
a 50 d reaction. Ten d of reverse transcript were used for each
amplification reaction. PCR conditions in a 50 d reaction were
as follows: 75 to 750 pmol of each primer (see below), 200 M
each dGTP, dATP, dCTP and dTTP (Perkin-Elmer/Cetus,
Emeryville, California, USA), 50 mM KC1, 10 mM Tris-HC1, pH
8.3, 1.5 mi MgC12, and 2 units Taq DNA polymerase ("Ampli-
Taq" Perkin-Elmer/Cetus). Primers used were as follows: IL-2
sense primer 5'-TGATGGACCTACAGGAGCTCCTGAG-3'
(nucleotides 203-227); IL-2 antisense primer 5'GAGTCAAATC-
CAGAAACATGCCGCAG-3' (nucleotides 370'-346'); IL-4 sense
primer 5 '-CGAAGAACACCACAGAGAGTGAGCT-3' (nucleo-
tides 231-255); IL-4 antisense primer 5'-GACTCATTCATG-
GTGCAGCTTATCG-3' (nucleotides 41 l'-387'); IL-6 sense
primer 5'-TGGAGTCACAGAAGGAGTGGCTAAG-3' (nucleo-
tides 581-605); IL-6 antisense primer 5'-TCTGACCACAGTGAG-
GAATGTCCAC-3' (nucleotides 735'-71 1 '); IFN-y sense primer
5'-AGCGGCTGACTGAACTGAACTCAGATFGTAG-3' (nude-
otides 841-865); IFN-y antisense 5'-GTCACAGTVVFCAGCTG-
TATAGGG-3' (nucleotides 1084'-106l '); TNF-a sense primer
5'-GGCAGGTCTAC1TFGGAGTCATT'G-3' (nucleotides 820-
843); TNF-a antisense primer 5'-ACATI'CGAGGCTCCAGT-
GAATrCCAG-3' (nucleotides 1 127'-l 102'); TGF-/3 sense primer
5'-AAGTGGATCCACGAGCCCAA-3' (nucleotides 1277-1298);
TGF-13 antisense prier 5'-CTGCACTFGCAGGAGCGCAC-3'
(nucleotides 1521 '-1502'), as previously described [201. Reactions
were incubated in a Perkin-Elmer/Cetus DNA thermal cycler for
40 to 45 cycles (denaturation 30 sec, 95°C; annealing 30 sec, 56°C;
extension 60 sec, 72°C). Fifteen l of the reaction product were
electrophoresed through a 1.2% agarose gel and transferred onto a
nylon membrane by capillary action (Zeta-probe, Bio-Rad Rich-
mond, California, USA). Blots were hybridized at 65°C for 18
hours with 1 mM EDTA, 0.5 M NaH2PO4 (pH 7.2), 7% sodium
dodecyl sulfate (SDS) and radiolabeled probes for murine !L-2 (90
bp probe inserted in BqlII/Sst! sites of pBS vector) [25], IL-4 (366
bp probe inserted in PstI site of pCD vector) [26], IL-6 (1 kb probe
inserted in XhoI site of pXM vector) [27], IFN-y (643 bp probe
inserted in PsTI site of pmsl0 vector) [28], TNF-a (480 bp probe
inserted in SacI/BglII sites of p-mTNF- 1 vector) [291, and human
TGF-/3 (2.14 kb probe inserted in EcoRI sites in pBR327) [30].
After hybridization the blots were washed twice at 65°C with 1 mM
EDTA, 40 mrvi NaH2PO4 (pH 7.2) and 5% SDS for 30 minutes, and
twice with 1 mM EDTA, 40 m NaH2PO4 (pH 7.2) and 1% SDS
for 30 minutes at 65°C. Blots were then exposed to Kodak X-AR
film at —70°C for six to 24 hours. RNA isolated from Con A
stimulated spleen cells was used as positive control.
Statistics
Statistical analysis was performed using Statview SE+ (Aba-
cus Concepts, Berkeley, California, USA). Differences be-
tween groups were compared by unpaired t-tests or one-way
ANOVA. All results are expressed as mean 1 SD.
Results
T-cells expressing B220 determinant are prominent in the
renal interstitial infiltrate in MRL/lpr mice four months of age
MRL/lpr mice have established renal disease by four months
of age characterized by proteinuria and a prominent interstitial
infiltrate [15]. Using histochemical immunoperoxidase staining,
two independent observators (CDG and SF) determined the
distribution of T-cells in four different MRL/lpr female mice at
four months of age. The majority of the inflammatory cells in
the interstitial infiltrate were T-cells as defined by the Thy 1,2
marker (65 to 75%). B220+ cells comprise almost 50% of the
T-cell infiltrate, while the L3T4+ cells account for almost all the
remaining T-cells. Only a few cells (—5%) were positive for the
Lyt 2 marker.
Isolation of K! T-cell clones from MRL/lpr mice
To investigate the characteristics of the specific T-cells that
infiltrate the kidney in MRL//pr lupus nephritis, a T-cell line
was isolated from the interstitium of the kidney cortex from
proteinuric female MRLI1pr mice four months of age. After 15
days in culture, this line was cloned at limiting dilution (1
cell/well) in the presence of irradiated MRL//pr spleen cells and
irradiated MRL//pr TEC. Six T-cell clones were obtained and
designated as E-12, H-6, H-9, H-b, H-Il and G-8. All T-cell
clones express the same surface determinants. Although they
express TCR oJ/3 and Thy 1.2, they are L3T4— and Lyt-2— but
have the cell surface pre-B lineage-specific antigen B220, as
well as lymphocyte function-associated antigen-i (LFA-l), the
**
*
*
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Fig. 1. Proliferative response of KI T cell
clones to syngeneic cells. Symbols are: (•)
media; (P4) renal tubular epithelium; (El) renal
mesangial; () liver; () spleen; (El)
peritoneal. T cells (1 x 105/well) were placed
in culture with complete RPMI alone or with
the indicated syngeneic cells (5 to 10 x l0/
well, 3000 rads) in 96-flat bottom well plates
for 72 hours. Cells were pulsed with 1 Ci of
3[H] thymidine 6 hours before harvesting, and
the results represent cpm 1 SD of
triplicates. Similar results were obtained in
three different experiments, all done in
triplicate. Thymidine incorporation of
irradiated syngeneic cells alone was not
statistically different and always less than 0.8
x l0 cpm. *p < 0.001 for tubular epithelial
and mesangial cells vs. media, liver, spleen
and peritoneal exudative cells.
ligand of ICAM-l. Therefore, all T-clones at least phenotypi-
cally are similar to the T-cells present in lymph nodes, spleen,
liver, etc. that are induced by the /pr gene [14]. Even though the
CD4+ T-cell subset accounts for 50% for the T-cell cortical
interstitial infiltrate, none of our K! T-cell clones express this
T-cell surface marker. Therefore, it is possible that our cloning
procedure specifically selected for the B220+ subset of T-cells.
In contrast to the ease with which we established KI T-cell
clones, attempts to establish and propagate long-term LNI
T-cell lines or clones using the same cloning conditions as for
KI T-cells were unsuccessful.
KI T-cell clones are auroreactive, kidney-specific and MHC
restricted
All KI T-cell clones exclusively proliferate to renal tissues
and not to other tissues. All clones responded 2.5 to 5-fold more
vigorously to syngeneic renal parenchymal cells as compared
with non-renal tissues (P < 0.001), including liver, spleen or
peritoneal exudate cells (Fig. 1). The response of K! T-cell
clones to spleen cells cannot be increased by using five or 10
times more spleen cells (data not shown). In contrast, T-cells
from enlarged lymph nodes of MRL/lpr mice are unable to
proliferate against renal TEC. Thymidine incorporation was not
different between LNI T-cells cultured with complete RPM!
and LNI T-cells cultured with irradiated TEC (1.1 0.1 vs. 1.3
0.6 cpm x 10—s), although nearly all LNI T-cells remain alive
(95 to 99%, assessed by blue trypan staining).
To determine whether this autoreactive process was MHC
restricted we compared the proliferative response of KI T-cells
induced by syngeneic (H-2'), MHC-identical C3H (H2k) or
MHC-incompatible NZB/W mice (H-2") mesangial cells. KI
T-cell clones respond most vigorously to syngeneic (MRL/lpr)
target cells (P < 0.05; MRL/lpr vs. NZB/W) while MHC
compatible allogeneic (C3H) mesangial cells induce a less brisk
proliferative response (Fig. 2). In contrast, stimulation with
MHC incompatible allogeneic mesangial cells is not capable of
eliciting a proliferative response. Thus, these data suggest that
KI T-cell clone proliferation is H2k restricted.
Anti-CD3 mAb induces proliferation of normal T-cells in
vitro [31]. Therefore, we studied the functional potential of CD3
expressed on our KI T-cell clones to induce proliferation by
crosslinking TCRs with mitogenic concentrations of a-CD3
mAbb by stimulating with Con A plus irradiated syngeneic
spleen cells. The KI T-cell clones are not stimulated by a-CD3
mAb or by Con A. In addition, KI T-cell clones do not respond
to IL-2 (50 s/ml of recombinant human IL-2) (Table 1).
Autoreactive KI T-cell clones induce ICAM-1 and class II
expression on renal TEC
We have previously reported enhanced class II and ICAM-l
expression on renal proximal TEC of MRL//pr mice, preceding
proteinuria [32]. Enhanced expression of ICAM- 1 and class II is
first detected focally on cortical TEC in the areas with mono-
nuclear infiltrates. To assess whether the clones captured from
the renal interstitium were able to induce ICAM-l and class II
cell surface expression on TEC, these cells derived from C3H
and MRL/lpr were cultured with SN from each of KI T-cell
clones for 72 hours. ICAM-l and class II cell surface expression
were assessed by staining with mAbs and analyzed by flow
cytometry (Table 2). Unstimulated renal TEC express little
class I! molecules (2 to 11%), but higher levels of ICAM-l
expression (12 to 42%). Stimulation with SN derived from
T-cell clones G-8, H-6, H-b and H-ll increases class II
expression on MRL/lpr TEC (P < 0.05). Stimulation with SN
from the T-cell clones E-12 and H-9 induces class II expression
on renal TEC from C3H mice (73 and 79%, respectively), but
not from MRL/lpr mice (3% and 4%, respectively). In addition,
SN from all of the KI T-cell clones increase ICAM- 1 expression
on TEC of both C3H and MRL/lpr mice (P < 0.05). In contrast,
SN from LNI T-cells is unable to increase class II or ICAM-l
expression in either MRL/lpr or C3H TEC.
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Fig. 2. MHC restriction of the proliferative
response of kidney infiltrating T cell clones.
Symbols are: (U) MRL/lpr (H-2k); () C3H(H-2k); (El) NZB/W (H-2d). T cells (1 x io/
well) were placed in culture with the indicated
mesangial cells (5 x l04/well, 3000 rads) in
96-flat bottom well plates for 72 hours. Cells
were pulsed with 1 tCi of 3[H] thymidine 6
hours before harvesting and the results are
expressed as mean stimulation indices (SI). SI
was calculated according to the following
formula: SI: [mean responder and stimulator
cells — mean stimulator cells alone]/mean
responder cells alone. All experiments were
performed in triplicate, and SD was always
less than 15%. This experiment was repeated
three times in triplicate with similar results.
Table 1. KI T-cell clones do not respond to IL-2, a-CD3 or Con A stimulationa
Stimulationb
KI T-ce11 clones
E-l2 0-8 H-6 H-9 H-b H-Il
None 1.1 0.1 1.2 0.2 1.1 0.1 0.8 0.1 0.7 0.1 1.1 0.2
Con A 0.9 0.1 0.8 0.2 0.9 0.1 0.8 0.2 0.8 0.1 1.1 0.1
IL-2 0.5 0.1 0.9 0.2 0.8 0.1 0.7 0.2 0.7 0.2 0.9 0.1
a-CD3 mAb 1.3 0.3 1.1 0.1 1.2 0.2 0.9 0.1 0.8 0.1 0.9 0.2
a Results represent cpm x l0 1 standard deviation of triplicates (96-round bottom well plates) for a 48-hour culture of the indicated T-cell
clones (5 x 104/well) with different stimulus. Cells were pulsed with 1 sCi of 3[H] thymidine 6 hours before harvesting. Similar results were
obtained in three different experiments, all done in triplicate.
b Con A, 5 gIml; IL-2, 50 ilml; a-CD3 mAb: wells were previously coated with 30 l of a-CD3 mAb 5 g/ml for 3 hours at 37°C.
Adoptive transfer of K! T-cell clones increase class II
expression on cortical interstitium in MRL/lpr mice
To investigate whether KI T-cell clones are capable of
inducing class II "in vivo" we adoptively transferred T cell
clones E-12, H-9, H-to and G-8 (10—15 x 106 cells) under the
left renal capsule of MRL/lpr mice six weeks of age. Adoptive
transfer of K! T-cell clones H-9, H-b and G-8 caused a
localized interstitial cellular infiltrate in the area in which these
cells were injected. Only the TEC surrounded by the cellular
infiltrate displayed an increase of class II determinants (Table
3). The degree of class II expression positively correlated with
the number of infiltrating cells. Only one of the KI T-cell clones
(E-12) placed under the renal capsule did not cause a detectable
infiltrate and did not induce surface class II determinants. In
addition, there was no detectable interstitial cellular infiltrate or
increase in class II determinants on TEC in sham manipulated
kidneys.
The cytokine profile of each KI T-cell clone is heterogeneous
Since class II and ICAM-l can be up-regulated by IFN-y,
TNF-a and IL-4 we determined the expression of these cyto-
kines by PCR. We examined the cytokine gene expression in
two different circumstances: T-cell clones in the resting state or
after activation induced by culturing with irradiated renal TEC
for four days. To analyze cytokine mRNA in K! T-cell clones,
we reverse transcribed cytoplasmic RNA to obtain cDNA,
which was subsequently amplified by the PCR technique. Each
KI T-cell clone has a different cytokine profile (Table 4). The
only common feature which all clones shared is the absence of
!L-2 mRNA. When in resting state, two clones express IL-4
mRNA (clones H-9 and H-l0); all clones except one (H-6)
synthesize IL-6 mRNA, and only one clone expresses detect-
able levels of IFN-ymRNA (H-6). TNF-a mRNA is detected in
clones H-6 and H-b, while TGF-/3 mRNA is expressed in two
T-cell clones, H-6 and H-ll. When activated, IL-6, IFN-y and
TNF-a mRNA are present in all clones, without any modifica-
tion of the expression of the other cytokines. These results
document that cytokine gene expression in K! T-cell clones is
heterogeneous. Nevertheless, each clone expresses transcripts
for cytokines (IL-4, TNF-a and IFN-y) capable of inducing
class II and ICAM- 1.
Anti-IFN-y mAb inhibits class II and ICAM-1 expression
induced by SN from K! T-cells
We have previously demonstrated that IFN-y is the only
class Il-inducing cytokine capable of stimulating class II
expression on renal tubular cells [221. Therefore, we investi-
gated whether IFN-y was the cytokine responsible for the
induction of these surface molecules. SN from K! T-cell clones
were incubated with saturating concentrations of anti-!FN-y
mAb for one hour at 4°C, and then added to the culture of C3H
TEC. Anti-IFN-y blocked the induction of class II and ICAM-l
on cultured TEC, indicating that IFN-y is the cytokine respon-
sible for the induction of these surface molecules (Table 5). An
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Table 2. Supernatants from KI T-cell clones induce class II and ICAM-1 expression on renal tubular cell?
SNC
Class II ICAM-1
- + P - + P
MRL/lpr renal tubular cells'
E-12 2 1 3 2 NSd 15 6 46 17 0.05
H-9 3 1 4 3 NSd 12 4 61 21 0.Ol
G-8 5 3 60 3 0.Ol 23 15 65 4 0.01
H-6 5 4 51 4 0.0l 26 19 71 10 0.0l
H-b 3 3 39 19 0.05 22 15 72 12 0.0l
H-lb 4 3 41 22
0.05 22 15 66 9 0.0l
LN 5 1 10 1 NSd 19 10 21 11 NSd
C3H renal tubular cells"
E-12 4 1 73 9 0.Ol 15 9 33 10 0.05
H-9 4 1 79 10 0.01 15 9 45 18 0.05
G-8 3 1 57 4 0.01 22 1 69 1 0.01
H-6 3 1 64 3 0.01 22 1 76 7 0.01
H-b 2 2 58 18 0.05 22 1 65 7 0.05
H-li 3 1 60 7 0.01 22 1 71 5 0.01
LN 11±4 12±5 NSd 42±1 50±1 NSd
Results are expressed as mean I SD of percentage of positive cells by FACS analysis from 3 different experiments
"Renal tubular cells were cultured for 3 days with complete RPM! or SN from K! T-cells
C SN
—, complete RPM!; SN +, SN from 48 hour culture of 1 x 10 cells/mI of KI T-cell clones (E-12, H-9, G-8, H-6, H-lU, and H-il) or Lymph
node T-cells (LN) in complete RPM!d NS, not significant
Table 3. Adoptive transfer of K!-T-cell clones induces class II on
renal tubular epithelial cell?
K! T-cell clones N Class I!b
H-9 3 2.0 1.0
G-8 1 4.0 0.0
H-b 3 2.3 1.5
E-12 2 1.0 0.0
Sham 2 1.0 0.0
a K! T-cell clones (10 — iS x 106) were placed under the left renal
capsule of 6 week-old MRL/lpr mice. Two weeks later the mice were
sacrificed, kidney tissue was snap-frozen and class II expression was
assessed by immunofluorescence.
b Level of class II induced on renal TEC (mean I SD); score (0 to
4): 0, none; 4, maximal staining.
irrelevant rat anti-mouse mAb did not affect the induction of
these surface molecules (data not shown).
KI T-cell clones are not cytotoxic
To investigate the cytolytic activity of these T-cell clones
against TEC, two different ratios of responders : targets were
used (20:1 and 10:!), and all six KI T-cell clones were tested.
For each T-cell clone the specific lysis of target cells after four
hours of incubation was lower than 1% (data not shown). The
ratio of spontaneous release/maximal release was always less
than 10%. Therefore, these KI T-cell clones are not cytotoxic to
tubular cells.
Discussion
The present report establishes that autoreactive kidney-
specific T-cell clones can be readily propagated from renal
cortical interstitium in MRL/lpr mice with lupus nephritis.
Although these T-cell clones have surface markers which are
identical to the T-cells regulated by the lpr gene that accumulate
in other tissues, that is spleen and lymph nodes, KI T-cells have
distinctive functions. K! T-cells, but not LNI T-cells, prolifer-
ate to renal parenchymal cells. In addition, unlike LNI T-cells,
KI T-cell clones are capable of inducing class II and ICAM- 1
expression on the surface of renal TEC. Thus, we now report
that T-cells infiltrating the kidney are responsible for inducing
tubular cells to express molecules required to initiate renal
injury.
KI T-cells have cell surface determinants similar to the
T-cells in the enlarged lymph nodes and spleen in MRL/lpr
mice; however, they function distinctively. K! T-cells and LNI
T-cells do not bear CD4 and CD8 determinants, and express
pre-B cell markers. Both T-cells are similarly defective to
stimulation with a-CD3 mAb, Con A or IL-2 [33, 34]. However,
KI T-cells differ functionally from LNI T-cells, since only the
K! T-cells proliferate against renal TEC and induce class II and
ICAM-i expression on these TEC. Attempts to maintain and
clone LNI T-cells using the same cloning technique as with KI
T-cells (feeder layer syngeneic spleen and tubular cells) were
unsuccessful. Therefore, KI T-cells thrive in the kidney and not
in lymph nodes because they are autoreactive to renal tissue.
The site(s) of proliferation of the T-cells regulated by the lpr
gene is controversial. It has been proposed that these cells leave
the thymus prematurely and accumulate in lymphoid tissues as
a consequence of their inadequate intrathymic elimination and
inability to differentiate normally. However, these T-cells do
proliferate outside the thymus. It has been postulated that the
liver may be the extrathymic site of proliferation of these
abnormal T-cells that then migrate and accumulate in lymphoid
organs and other tissues [35]. Our T-cell clones specifically
proliferate to renal parenchymal cells and do not react to
hepatic cells. Therefore, it is unlikely that these cells were
seeded from the liver and migrated to the kidney; rather, these
T-cells captured from the renal interstitium were stimulated to
divide within the kidney, suggesting several sites of prolifera-
tion for these T-cells in MRL/lpr animals.
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Table 4. mRNA cytokine profile of KI T-celi clonesa
K! T-celi clones
H-6 H-9 H-b H-Il E-l2
Stimulatio&'
IL-2
IL-4
IL-6
TNF-a
IFN-y
TGF-/3
NS
-
—
—
+
+
+
S
-
—
+
+
+
+
NS
—
+
+
—
—
—
S
-
+
+
+
+
—
NS
-
+
+
+
—
—
S
-
+
+
+
+
—
NS
-
—
-I-
—
—
+
S
-
—
+
+
+
+
NS
-
—
+
—
—
—
S
—
—
+
+
+
—
a RNA was extracted by NP-40 method and reverse transcribed using random hexamer oligo(dN)6 as primer in a 50 sl reaction. Amplification
reaction was performed using primers specific for sequences of each of the listed genes for 45 cycles.
b NS, non-stimulated; S, stimulated. T-cell clones activation was achieved by culturing these cells for 4 days with irradiated renal tubular cells.
Table 5. Anti-IFN-y mAb inhibits class II and ICAM-l induction by
KI T-cells SN
KI T-cell clones (SN)
% Inhibitio&'
Class II ICAM-l
E-12 87±1 72±27
H-9 71±20 95±20
G-8 83±8 83±6
H-6 73±1 73±27
H-b 75±12 88±2
H-li 71±2 82±6
a SN from 48 hour culture of I x 106 cells/mI of K! T-cell clones in
complete RPM! was incubaed with 60 ilml of anti-IFN-y mAb for I
hour at 4°C before added to the tubular cells. C3H renal tubular cells
were then cultured for 3 days with complete RPMI + 25% SN from KI
T-cell clones anti-IFN-y mAb (60 p/mI).
b Results are expressed as mean 1 SD from at least two experi-
ments. % inhibition was calculated according to the following formula:
1— [% positive cells in culture with SN + anti-IFN-y/% positive cells in
culture with SN alone] x 100.
Although our KI T-cell clones do not express CD4 or CD8
markers, proliferation is MHC-restricted. It has been reported
that autoreactive double-negative T-cell receptor a//3+ T-cell
clones in normal mice can only recognize self-peptides bound to
I-A molecules without haplotype restriction, suggesting that
their T-cell receptor reacts with a non-polymorphic residue of
the I-A molecule [36]. Moreover, human double-negative TCR
aI!3+ T-cell clones can also be cytotoxic and class I-restricted,
postulating that MHC-restricted recognition by T-cell receptor
cr//3 may not require coexpression of CD4 or CD8 determinants
[37]. Recently, the participation of other MHC-like molecules
(that is, CD1) in the activation of double-negative a//3+ T-cell
clones has been described [38]. CD1 is a family of MHC class
I-like molecules expressed on the surface of immature thymo-
cytes, Langherhans cells, some B-cells, and the gastrointestinal
tract epithelium in mouse. The gastrointestinal distribution of
murine CD1 suggests that this molecule may be important in
epithelial immunity by targeting intraepithelial -y/8+ T-cells
[39]. Although in normal mice, CD1 is not expressed in the
kidney, it is not known whether in some circumstances (that is,
autoimmune disease) its expression can be up-regulated and
play a role in the activation of autoreactive KI T-cells. Thus,
although the exact mechanism related to the MHC recognition
of our K! T-cell clones has not been elucidated, our data
suggest that they are MHC-restricted.
Tissues subjected to autoimmune injury have an increase in
class II and ICAM-l expression [40, 41]. In MRL/lpr mice we
detected class II and ICAM-l on renal TEC prior to the loss of
renal function [32]. Renal mesangial and TEC are able to
present antigen to T-cell hybridomas only after induction of
these molecules [23, 42]. SN from KI T-cell clones are capable
of inducing class II and ICAM- 1 molecules on cultured renal
TEC, and IFN-y is the cytokine responsible for this induction.
Moreover, when individual K! T-cell clones are adoptively
transferred under the renal capsule of histologically normal
MRL/lpr mouse kidneys, K! T-cell clones induce class II
molecules. Therefore, K! T-cell clones can impart the neces-
sary signals to render renal TEC capable of antigen presentation
and initiate the immune response.
The cytokine profile of KI T-cell clones, either in resting or
activated state, is heterogeneous, suggesting that at least by
four months of age there is an oligoclonal population of T-cells
within the renal interstitium. The only common feature of these
K! T-cell clones is their inability to produce IL-2. We also
investigated the capacity of these clones to produce mRNA for
cytokines capable of inducing class II and ICAM-l expression
on renal TEC. All T-cell clones transcribe at least one cytokine
that is involved in the induction of class II and ICAM-!, that is,
IFN-y, IL-4 and TNE-a. Our results have been corroborated in
part by others that detected that CD4—, CD8—, B220+ T-cells
in MRLIIpr mice taken from lymph node and spleen were able
to produce message for cytokines associated with inflammatory
responses, including IFN-y, TNF-a, TGF-/3, but not IL-4 [20].
The fact that in resting state, only one clone (H-6) constitutively
expressed IFN-y transcripts, and only two (H-6 and H-9) have
TNF-a transcripts, corroborates previous reports showing that
after 10 hours in culture, CD4—, CD8—, B220+ T-cells down-
regulate transcription of IFN-y and TNF-cs [43]. Upon stimula-
tion with renal TEC, gene expression of these cytokines is
induced in all KIT-cell clones of interest. Furthermore, TGF-/3,
a cytokine known to be a potent stimulator of mesenchymal cell
growth and extracellular matrix production [44], is expressed
by two of the clones. Taken together, K! T-cells have tran-
scripts for cytokines that induce molecules required for antigen-
presentation and involved in the fibrotic process. Therefore, we
suggest that these cells play a central role in the pathogenesis of
renal injury.
In conclusion, K! T-cell clones readily propagated from the
renal interstitium of MRL//pr mice are autoreactive, kidney-
specific and induce class II and ICAM-l on renal TEC. Studies
to determine which T-cell from this heterogeneous population is
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the earliest invader are now in progress. In addition, each clone
is currently being examined individually to determine the
specific contribution of each to initiating and driving renal
injury.
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